Abstract. Hair, peripheral blood leukocytes, and other tissues from two related Brangus calves with phenotypic characteristics of Chediak-Higashi syndrome were examined by light and electron microscopy. Enlarged, pleomorphic, cytoplasmic granules, morphologically compatible with lysosomes, were seen in several neutrophils, many eosinophils, renal tubular epithelial cells, and Kupffer cells. Hair shafts of the calves showed irregular distribution and clumping of melanin granules. Severe infection and a possible hemorrhagic tendency were recognized. These Brangus calves represent the third breed of cattle affected with this genetic disease.
Chediak-Higashi syndrome (CHS) is a genetic disease occurring in man,2s26 mink,I5 cattle,I5 beige (CHS) mice,6 cats,g killer whales,23 and f o x e~.~J~ CHS is manifested by partial oculocutaneous albinism, photophobia, marked susceptibility to infection~,'~ platelet pool storage deficiency,' lack of natural killer cell activity,21 impaired microtubule function, l4 and the occurrence of large pleomorphic granules in the cytoplasm of leukocytes, and most, but not all, granule-producing cell^.^^^ Many of these enlarged granules have ultrastructural and cytochemical characteristics of 1ysosomes.8 The granules in neutrophils and eosinophils are strongly peroxidase-positive or Sudan Black B-positive.2 The enlarged granules in CHS cells often stain positively with periodic acid-Schiff (PAS).I3J7 CHS was originally described in Hereford cattle as being characterized by abnormal leukocytes, hypopigmentation, and increased susceptibility to disease, conditioned by an autosomal recessive gene.16 All CHS cattle reported were incomplete albinos, with gray irises instead of the normal dark brown to black. Several had hemorrhagic tendency, and melanin granules were scant in the skin. Comparative studies of CHS and non-CHS cattle have demonstrated the presence of PAS-positive granular inclusions in renal tubular epithelium of CHS but not non-CHS cattle.I7
An 8-month-old female Japanese black heifer diagnosed as affected with CHS was reported to have the following lesions: growth retardation, brownish skin and hair, and enlarged granules in the cytoplasm of all eosinophils and basophils. Similar granules were seen less frequently in all other granulocytic leukocytes except the monocyte. Many inflammatory changes were present in various organs and tissues. Histological and ultrastructural findings of eosinophilic or brownishyellow pigment in the neurons and renal tubular epithelium coincided with those previously reported in CHS. 24 This study describes ultrastructural and light microscopic studies of hair, leukocytes, and other cells of two related Brangus calves with phenotypic and microscopic characteristics of CHS.
This study was done as a service to people in the livestock industry to help make them aware of the negative economic implications associated with genetically transmitted disease.
Materials and Methods
The occurrence of related Brangus calves affected with a pigmentary deficiency was brought to our attention in connection with a long-term study of bovine congenital defects.'O Three related abnormal male Brangus calves were born in April 1986 on a Texas ranch. The owner reported that the parents were phenotypically normal. Pedigree information was provided by the owner as well. Two calves were the progeny of the herd bull, and the third was sired by his son. Pedigree information about the three dams indicated that two dams were paternal half-sibs, but both were unrelated to the herd sire. There was no pedigree information on the third dam. According to the ranch veterinarian, one calf died on the ranch from multiple hepatic abscesses. The remaining two calves were admitted to the Congenital Defects Laboratory at Kansas State University for diagnostic examination and evaluation on July 4, 1986.
The calves were examined and photographed. Blood samples were collected in tubes containing EDTA and heparin for hematological studies.
Both animals were euthanized with intravenous T-6 1 (American Hoechst Corporation, Somerville, NJ) and necropsied using standardized procedures. One was 6 months old and the second was 24 months old at necropsy. Tissues for histological examination collected from the lesion and all organs were fixed in 10% neutral buffered formalin, routinely processed, embedded in paraffin, sectioned at 6 pm, and stained with hematoxylin and eosin (HE)." Selected tissues were stained by periodic acid-Schiff (PAS).'l Hair samples were collected from affected and normal Brangus calves and examined microscopically.19 Duplicate blood smears from a Chediak-Higashi syndrome (CHS)-affected Brangus calf and a normal 8-month-old Simmental calf used as a control were stained with Wright's stain or Sudan Black B,22 and leukocytes were examined for the presence of enlarged, pleomorphic, cytoplasmic granules. Blood samples for electron microscopy were prepared by centrifuging whole EDTA blood anticoagulated at 1,000 x g for 10 minutes. The buecoat was removed, and the erythrocytes were lysed with hypotonic saline. The sample was resuspended in physiological saline and centrifuged at 1,000 x g for 10 minutes. The saline was pipetted from the sample, and cold (4 C) 2.5% glutaraldehyde in 0.01 M cacodylate was added. After 60 minutes, the sample was centrifuged and washed three times with deionized distilled water. The distilled water was pipetted from the sample leaving the pellet in the centrifuge tube. Two milliliters of 2% agar-agar was added, and the pellet was gently agitated with a wooden spatula. The fixed samples in 2% agar were removed from the tubes, cut in 1-mm cubes, serially passed through 30-100% ethanol concentrations, and dehydrated in acetone.', The samples were infiltrated and embedded in LX-112 embedding medium (Ladd Research Industries, Burlington, VT). Thin sections were cut, mounted on copper grids, and stained with 5% ethanolic uranyl acetate and Reynold's lead citrate.20
Results
On gross inspection, both calves had generalized oculocutaneous hypopigmentation, photophobia, and lacrimation. The hair coat was a pale gray color compared to the dark black of normal Brangus calves. The irises were gray instead of the normal dark brown to black color. One calf was emaciated, was drooling saliva, was anorectic, and had a large (8-l O-cm 7-cm-diameter) ulcer, and the tongue was retracted with marked difficulty.
The other calf had an episode of prolonged (30 hours) bleeding precipitated by a very minor abrasion (< 1.5 cm) of the prepuce. At about 18 months of age, the bull calf developed a large (30-cm) subcutaneous hematoma on the left mid-costal thorax, believed to be the result of a kick or butt.
Blood smears stained with Wright's or Sudan Black B showed enlarged, pleomorphic cytoplasmic granules in neutrophils and eosinophils (Figs. 1,2) . The granules in eosinophils were larger and more symmetrical than neutrophil granules and uniformly appeared as circles or outlined Symmetrical spheres with Sudan Black B stain (Fig. 2) . Hematology studies of the surviving calf at four monthly intervals failed to show any significant hematological abnormalities. Hair shafts had a markedly irregular distribution and clumping of melanin granules when compared to normal hair shafts (Fig. 3) . Histopathological studies of the skin demonstrated a paucity of melanin granules in the pigmented layers of the epidermis. Periodic acidSchff (PAS)-positive glycolipid-like granules were present in the cytoplasm of the renal tubular epithelium (Fig. 4) and Kupffer cells of the liver. By electron microscopy, enlarged membrane-bound granules were seen in neutrophils, eosinophils (Figs. 5-8), monocytes, and basophils from the affected calf. The eosinophil granules were enlarged, heterogeneous, and contained crystalloid-like bodies (Fig. 6) . Neutrophils contained large, heterogeneous granules. The normal Simmental control calf did not have any abnormal granules in the leukocytes.
Discussion
The two related Brangus calves had phenotypic characteristics of Chediak-Higashi syndrome (CHS). Peripheral blood leukocytes contained large, pleomorphic cytoplasmic granules compatible with those described in CHS-affected Hereford cattle and other specie^.^,^^ The granules resembled enlarged, but morphologically normal, primary lysosomes. Periodic acid-Schiff (PAS)-positive glycolipid-like granules present in the renal tubular epithelium of the necropsied calf have not been seen in cattle unless they were affected with CHS." These granular inclusions varied greatly in size, had irregular borders, and were present in all tubular segments of the nephron. These factors differentiate them from the hyaline droplets or pink globules of protein seen in the cytoplasm of proximal convoluted tubules associated with increased glomerular permeability. The hyaline droplets are smaller, have distinct symmetrical borders, and occur in larger numbers. Both inclusions are associated with lysosomes. Irregular distribution and clumping of melanin granules seen in the hair shafts and skin is a trait of CHS that causes hypopigm e n t a t i~n .~, '~ The pedigree information is sketchy but still suggestive of an autosomal recessive inheritance pattern. These Brangus calves represent the third breed of cattle affected with CHS.
